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_ INSULATOR BEHAVIOR IN CONTAMINATED ATMOSPHERES == 
, DORON 


The conditions leading to flashover in contaminated atmospheres are very complex. 


a a and ao not always permit, simple choices of insulator types for good perfo! ormance . 


= a variable end needs much greater investigation and study. oe ae S 2 a : 


| : a results from the deposition of airborne particles. | However further explanation of 


‘ : es this | process. is needed to understand | some of the difficulti ies involved in n duplicating 


. a separately. or “simultaneously. “The first is identified as. “mechanical contamination. 


: | oe Mechanical ‘contamination is | the manner in whieh salts are | transferred to the insulator a 


: ao ‘realized, and reasonebly 600d correlation between artificially « contaminated ingulators: 


. and poliution v under natural environment is | possible. ae : o oe . : : ee ee a : a 


ee natural pollution with artificial pollution, At least, ‘two. mechanisms can be involved, coe ; 


ke Increased understanding concerning performance under salt contamination has been | 


"The authors wish to point out ‘that pollution in industrial stnoepheres is highly i. we a 


a 


Tk: is generally accepted that contamination. on the’ surface of an. insulator | 


im, 


\ 


cee e surface * vie wind dorne aerosols or r by gues contaminants deposited under moist 


Ae ee conditions. | Greater surface adhesion is. expected under moist or damp conditions. ae uo 


oy Contamination vy soluble salts particularly in coastal areas. would be classed as 


oe "mechanical, deposition. | A second mechanism is identified as | chemical change. ae eee 


: a i compounds, formed by a ‘chemical reaction initiated vy airborne substances. ‘For ae : fe 


i ae ‘zine: sulfate has been found on insulator surfaces. ‘This suggests that sulfur compounds : a 


Pe a Contaminants formed by this method are e not originally Pp resent but are chemical 


\! 
: ! 


: — Qyarogen. sult fide, hydrogen sulfate, sulfur. dioxide and sulfuric acia) under the . . eee : 


a 7 ie . “influence of an oxidative agent (ozone). can react, with galvanized surfaces to form zine Ie oes 


“sulfate. : “While ‘contamination by chemical change could occur in any location its 


d 
ya Ms i 


effect, would de most prominent 3 in | industrial areas. | us iyi me 


ea with each other and insulators from ‘polluted environments are “compared with es 


oe artificially contaminated units, rrr 


“The investigation attempts to follow two approaches, oe eae 
eee out a ‘fundamental testing program to better understand ‘the | | 

| behavior | of ' different insulator ‘types under contaminated conditions, 
ae beret a practical ¢ acceptance test for all ‘types of "insulation, a 
oo sm as. t fetion es ne eis 


“Under ‘the fundamental ‘testing program ertirictaly contaminated insulators | are eT . 


- DESCRIPTION OF TEST METHOD 1 


| During fog room teste at Project, un, ‘four insulator “strings were > usually y tested 


oe parallel each time, | “Smal fuses (aaa) were “put in series with each string to out 


De tec off fron the energized line ‘upon flashover, — “Although these fuses could not clear 


tee are, their complete disintegration when flashover occurred allowed the dropping ee 


or. the. test lead and ‘reclosing of the eireuit breaker within a halt. minute after” 


tripping. “Test voltages: involved were 230 Kv and 1e5 AY for these ‘exploratory tests. 


0 rea 1, shows ‘the inside of the fog x room, me Stean fog was generated by electric heating a 


element ; Placed in | tubs of water to produce a slow vetting condition. ‘The > leakage 


a of ‘contaminated insulators in ‘the’ fog room changed stony, 


“Voltage » was: applied to the insulator r strings before the start of foe generation, 


os steam fog filled the room eratualty 3 in 1 to ave rows, | and ‘the whole test blasted | 


aan ze pours, 


“For ‘the fog : room 1 tests, “the insulators 1 were ipped 3 in a solution containing kaolin ae 


e. fullers! earth and salt, “They were then ariea by é | hot air heater, or in ‘the sun, 


The average salt deposit density on each insulator was measured by washing the under= 


surface of the insulators an a known amount, of water and measuring the resistivity of 


thts solution, Insulators: with ‘environments pollution were tested in ‘the same oe a 


——mamer as the artificially contaminated ee cae 


TEST RESULAS | 


‘ beth a i See eS a ene . ee ely ? 


are-ial ears Boi H 


“Insulators: with leakage @istances ranging from swB-a/2 inches to ) 21 inches and 


ab 4 


a 


| type of units are “shown. on Figure: 2 and characteristies appear in Teble qi a 


sa Larne 


| Figure 3 shows ‘the | relationship between flashover ‘end | salt deposit density with 


“tor eurfece. an flashover values have been reduced +0. standard unit. spacings 


f 1 ei Feat PL] 
tek th ie 


OF £5.75). a 
Th is interesting to note that performance : is “not necessarily related to Jeakage 


Co “distance alone. Insulator type D with aL inches of Leakage distance cy ‘compared 


43 CO ae 
with unit, spacings: ‘trom a 1h, inches to 9- 5/8. inches were used: on ‘these ferte, tme 


_ a , coating thicimess of 40 grams of kaolin per Liter applied uniformly over. ‘the Sten 


oe ee 
a to insulator (A), a standard ten inen aise, with uae inches of leakage distance 


a “shows: lover flashover levels. The conventional ‘fog type insulator, wpe @), with 


i, inches: of Jeakege distance as “expected has higher flashover values ‘then type A. “ 
“Insulator type G also with 21 inches of leakage Gistence shows ‘the best overall | 


a “performance. ‘This would then indicate the geometry of the porcelain can | also be. a 


1G “significant 1 factor : in “the fLashover ee 


"Examining ‘the slopes of the curves, insulator A shows. a ‘rather steep slope 
. at lower densities. ‘Thus for slight increases in ‘contamination large: inerenental 
"changes in flashover voltages can. occur. "Unexplained behavior between insulator ao 


"strings: in | the same ‘general location : ‘some flashing over while others: sustain | 


ree ‘ seetecies } 


- operating voltage, could possibly be explained by this flashover mein, 


a The relatively flat slope of type. G insulator would make. is | superior regardless « of ae 
ae “the degree < of f contaniation, eae Oe ae 

“The date in Figure 3 can be made | more. “useful by relating it to expected insulator 
: “usage. The) user wants to know how many: insulators are needed and. if a certain type 


co is | used what is the - connecting Jengint Se 
| ee | as | ge 


Dee and heavy contamination. The fewest number of. unite, 16 for 500 wv, (a8 | well es | 
the | shortest connecting length, 2 inches, are show by type Ge “This shorter | oy 
/—— comectiing length could be an important, element in tower. design. The final selection | 3 ce 


= insulator string lengths will also depend on wet evitehing surge a 


. conditions | was ; recognized as being extrenely important for practical 
oe — ee : 
ae and analysis | are ‘show, on. Figure he Areas a 2, 3 ‘ond 5 represent 
industrial « contamination. “Areas: 1 and 2 represent extremely heavy ee 
possibly 0 of mechanical nature and having flashover behavior quite different from that oo 
: 2 or normal. salt atmospheres: as shown by area 4 ‘Thus ‘the usefulness of Table 2 ce 
as Limited to salt ‘atmospheres and industriel atmospheres similar to area 1 3i. Before 


: greater correlation between artificial, contamination and industrial contamination 


’ f 2 i a trt oy ‘ i ; ' 
° ’ : ‘ : ' i 
: (eso ron) ite sine £ 1 
sate { ' 
: : ‘ : F 
; ‘ 
. A t 
3 ‘ ' 


“Table 2 shows ‘these values at certain expected operating voltages, for both 


vt | need to ) correlate ‘the previous ¢ date with insulators polluted under meted 


‘The measurement of ‘contamination on insulators sent to. UV Pittsfield for 


eG 


ean be re realized mech more investigation « and | testing needs to be completed. 


ce DESCRIPTION OF TEST METHOD 1 oo a | 


In EEE. Transaction Paper eorPL4-Pmn "A New Contamination Test Method" a modified 


Ate 


. .. contamination, test is described in, great, detail. “brief summary of ‘thie test ae 


oo as cere ee 


ae a strean of Liquia that coats ‘the ‘complete surface to the point of run-off. 


“The insulators are ‘flow-coated oterting at ‘the top. and working to ‘the bottom ae 


: aa 


Previous to the flow-coating operation the insulators are > prepared by washing : in a 


neutral detergent, “rinsing with tap water, ‘and ‘drying with compressed air. Tt has 


een | found poseibie to aesign apparatus to flow-coat lerge structures ‘and ‘the resultant 


(Seating has been. 1 found to be quite reproducible, ‘The quantity « of the ® coating, a 


Am mfligrans per square centimeter is somewhat less | on the underside ‘than on pthe 


= te. This is also ‘true of the ‘aipping method and is probably due to. the stentenoy 


5 te arip trom ‘the vertical curfaces. Furthermore, ‘the flow-coating process: can We 


“= on ina any Laboratory test area, and. the residue flushed down, the drain atten a 
os eee au : ae ee eee 
‘s In the , proposed "wet contaminant” test | method’ the testing starts while the eine 
i. are etill wet, “three to five ‘minutes after the: ena of the. flow-coating oe 
though 4 the objective of this test method is to determine ‘the highest withstend 
voltage, initially. a flashover is ‘obtained to establish ‘the voltage range. ‘Therefore ne 
othe) voltage : is brought up at a rete of: about 7. » wW/s to the flashover level, and. ‘the ao 
4 vontage # recorded. A second test ; is “then made > repeating “the whole veshing, cman, 
gna testing procedure except that this time, an attempt is | made to hold a withstand : 
-vortage + tne percent, below the flashover value. ‘The complete test is repeated several 
ee times. until three withstands end 1 no 0 flashovers: are received at some voltage level. 2 
This” is “then. called ‘the withstand voltage for the particular contamination level La 

G "applied and. is usually determined within fi ive. percent. ate : Le ae oe oe a : a : 
oe wets deseribes the ‘method when used for spe to ‘obtaindesign 

“ata. Wnen used for | a ‘standard acceptance test ‘method , one or wore tests at ‘the Re 
: ‘quired withstand voltage can be Ppecit ied. oe ee 
there ore 90 fs factors involved in 1 this method that contribute to reproducibie 


“results, First, it has been found that with a Little pore the ‘flow-coating nozzles. 3 


. can be shaped 80 “that all of ‘the insulator surfaces are covered to the point of run- Co 


ot ‘The coating efficiency can be readily insye ted by examination when wet, eters | 


"applying. ‘the voltage, and also after the insulators have dried. | Second, the flashover ce 
- strength 3 is | dependent upon. theamount of water held on the surface as well | as the : 
"amount, of solid mater ial deposited. In the case of the "wet. contaminant" ‘method all 


“teste, are made with ‘the eurfack completely wet. SOE | 


The ; apparatus used to accomplish the flow-coating can be readily constructed from pe 


= tubing. In Figure 5 is shown the apparatus used te coat suspension ee | 


on this figure the “contaminating liquid is pumped under pressure to. the ‘continuous 


oper ring which surrounds the insulators. On. the inside surface of ‘the ring 16 


| short sections of “copper tubing about 6 mm | in diameter (1/ ‘ protrude. Half of these 


—— grvoves on on ‘the underside of the * ineulatore, oe 


have a a slight curve > upward and sidewards 80 that the Liquid is ‘directed | up along | the 7 


panties, Bees cel 


“The ‘degree of contamination on the insulator surface ean be measured in several 


Ce First, “the amount of salt and binder in the flow-coating Liquid | can ‘be svete 


(Second since - the contamination coating is; not altered by the test, all or. » part of 


fF nt insulator coating nay be washed off in ‘distilled water, the conduetivity measured, 


the equivalent salt deposit density can ‘then be computed. “Third, ‘before, applying 


8 > the amount of salt in solution determined by comparison with standard wn 


high voltage to. the test specimen a low voltage can be applied, and ‘the eakdge ont 


measured ‘The conductance can. then be computed , and finally the surface conluctivity | 


ean be caleulated by multiplying the conductance by the form factor | for the surface, oe 


ee investigated. 


“The form factor is “not _ generally available and must be calculated ‘fren meres 


So made on a 2 drawing of | the insulator cross. section using ; the forma ee 


were & denotes the total engtn of the ‘Leakage path end 2 oUt) 4 the aianeter of each 


ee of the - leakage path, 


~ Authough the results obtained using this method (Figure 6)x show lower’ + withstand oe 


= than. those under test method ri there is no inconsistency in results. This 


test method was not intended to reproduce any natural pollution ct Me 


Be noe standard insulators and 8 3 fog ‘type insulators per string used in these tests) oe 


: 
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ee provide ‘a relatively. simple 1 means ‘for ‘evaluating insulators is enhanced 
oe since minimum withstand | levels will show safe ‘margins below those ‘that could be ca i | 
Q expected. “The nigh d egree of ‘consistency as well as reproducibility oy oom by F Fig. he . 
as 6 clearly demonstrates the value of this test method as an acceptance test. “Aco 4 
—etective discrimination between designs as well as "insulator types could permit 

— writing epeif ications for contaminated ee 


: Pe a ee * CONCLUSIONS | Oe BN eG 
\ ' a wy 4 rae Ls ' B ate “ait th cai aha tee Mie taay metered SHOR th. 5 edt iH ee Seas he Geran ie ‘ sihace tate sd i : Sa j wate ‘ pa ae to e i eRe ied ‘ rey 
\ t 


: in n reduoing flashover certain ‘types of “insulators: show a marked superiority « over | 
oe ote | | 7 : 


ke, ‘The criteria for * good performance is. not solely leakage distance. ‘The geometry a 


| specifications t to be 2 applied | in any contaminated areas. 


i ‘ ' : : 4 4 ‘ ry 
1 i .. ; E ; 
was toe ee : 1 
: i ‘ ang fey 1 


Ls : When contamination vy mechanical means, soluable salts, in the dominant fector 


Pier 


ot, the porcelain design « can also effect aber 


oe “Expected operating performance: can be predicted for different insulator 


‘ pes i ‘ a die seen 45 
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Ae “Artificial | contamination cannot be. reliably used to ) predict insulator pers 


wid whee sat fe ER boca teh 


formance under industriel Come 


Ae AUR be re fh Sie taku oe ODA i 4 1 Thott 


oe i More | avestigation of industrially contaminated insulators is required. 


ée “Anew type of contamination test method is being proposed that can be iota 


a applied to all ‘types of insulating structures and does not require highly « speed alized od oS 


<< or test st feciities, ee 


“7, though not ‘attempting to reproduce any particular naturel ‘condition the 


an contamination method can be used. as an effective means in determining ingulator i. 
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